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Preface , 

Owing  to  tne  enorniity  of  tue   project,  it 
naa  been  impossible  to  go  into  tue  details  of 
the  design .  The  thesis  may  be  considered  more 
or  less  as  a  preliminary  design  from  which 
more  accurate  plans  and  details  may  be  evolved. 

Only  standard  machinery  and  standard  aiu- 
iliary  apparatus  have  been  used,  no  original 
designee  being  attempted.  The  Keokuk  wF.ter  plant 
which  has  been  in  eucceseful  operation  for  pra- 
ctically a  year  is  probably  the  only  other  hydro- 
electric station  of  such  large  capacity^  and  it 
has  been  deemed  advisable  to  use  it  as  a  refer- 
ence » 
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Location, 

The  proposed  power  site  ie  located  on  the 
Columbia  River  about  ninety  miles  from  tne  City 
of  Portland,  and  one  hundred  and  eighty  seven 
miles  above  tue  mouth  of  the  river.  The  Columbia 
River  is  now  navigable  with  ease,  for  deep  draft 
ocean  vessele  to  the  mouth  of  the  Willamette 
River,  ninety  miles  rbove  the  mouth,  and  for 
the.  remaining  eignty  nine  miles,  is  navigable 
at  all  timer?  except  in  extreme  high  water  stages, 
for  vessels  of  eighty  foot  draft,  the  power  site 
being  at  the  present  nead  of  navagation. 

The  propoeed  scheme  io  to  divert  the  water 
by  means  of  a  canal  on  the  Washington  side  of 
the  river  at  a  point  which  i«  known  as  Five 
Mile  Rapids,  about  five  mile,  above  the  City  of 
The  Dalles,  Oregon.  Tne  river  at  this  point  sud- 
denly contracts  from  a  widtn  of  low  water  of  a- 
bout  sixteen  hundred  feet  to  a  width  of  about 
two  hundred  feet,  and  remains  nearly  this  nar- 
row throughout  the  lengtli  of  Five  Mile  Rapids 
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or  to  Big  Eddy,  about  one  and  one  half  miles 
below,  Tne  proposed  Ipcation  of  the  power  house 
is  at  the  above  cientioned  "Big  Eddy". 

The  Columbia  River  is  one  of  tr.e  largest 
streams  in  the  United  Ptates.  Above  the  pow- 
er site  under  consideration,  it  drains  an  area 
of  approxiaiately  two  hundred  and  fifty  thousand 
square  miles,  much,  of  wnich  is  mountainous .Many 
of  its  tributaries  are  fed  by  melting  snow  and 
glaciers  in  the  hign  altitudes,  to  'which  is  at- 
tributed its  most  prominent  characteristics  of 
flow,  namely;  the  regularity  of  the  occurrence 
of  its  annual  flood  in  June  when  the  rainfall 
on  its  drainage  area  is  very  small,  and  its  gen- 
eral steadiness  of  flow,  free  from  the  sudden 
and  unexpected  floods. and  droughts  so  common « 
to  Middle  West  streams  at  almost  any  season  of 
the  year.  Records  of  the  flow  of  the  Columbia 
River  are  available  for  the  past  thirty  three 
years. 

Curve  sheet  No. 1  snows  the  average  nydro- 
graph  for  years  1901  -  1912  (  1911  omitted). 
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Wnat  may  be  called  the  "  normal  flow  period" 
of  the  river,  will  be  eeea  to  extend  from 
!=>epteK-.ber  to  about  Marca.  Two  periods  are 
particularly  important  in  the  study  of  a  stream 
for  power  purposes  -  the  flood  period  and  the 
low  water  period. 

By  reference  to  Curve  Sheet  No.l,  it  will 
be  seen  tnat  June  ie  the  nornal  flood  month  and 
an  examination  of  the  records  has  indicated  tuat 
the  time  of  occurrence  is  very  regular.  Froci 
diagrams,  it  has  been  found  that  the  maximum 
flood  on  record  occured  in  1894,   and  a  magni- 
tude of  1390000  cubic  feet  per  second.  Curve 
sheet  No.  3,  shows  the  annual  average  duration 
of  floods  of  various  magnitudes  in  days  per 
year.  Each  point  on  the  curve  was  obtained  by 
dividing  by  thirty  two  the  total  number  of  days 
during  thirty  two  years  in  which  a  given  flood 
had  been  exceeded. 

Flow  of  River. 

As  will  be  seen  from  Oui've  No.l,  low. water 
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in  tiie  Columbia  River  occures  during  the  win^ 
ter  time  wjaen  the  smaller  tributaries  are  large- 
ly ice  bound,  and  the  extreme  minimum  flow  pro- 
bably occures  during  the  few  days  when  the  river 
and  its  tributaries  are  freezing,  the  freezing 
process  acting  in  a  two-fold  manner  to  reduce 
the  stream  flow,  namely;  by  drawing  a  large 
amount  of  water  from  the  stream  and  converting 
it  into  ice,  and  second,  by  so  increasing  tlie 
resistance  of  the  river  to  the  passage  of  water 
as  to  cause  the  general  water  level  througiiout 
the  length  of  the  stream  and  its  tributaries  to 
rise  somewhat,  thus  deducting  from  the  f3ow  the 
volume  of  water  necessary  to  increase  the  level. 

The  extreme  minimum  flow  occured  in  the 
winter  of  1912,  the  flew  dropping  to  a  value  of 
40000  cubic  feet  per  second.  Curve  sheet  No.S, 
shows  the  duration  curve  of  minimum  flows  sim- 
iliar  in  all  respects  to  Curve  No  .2 ,  The  con- 
clusion to  be  drawn  from  the  foregoing  is  that 
it  is  very  improbable  that  tne  flow  will  fall 
below  50000  second  feet. 
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Available  Head. 

In  Curve  sheet  No. 5,  the  Curve  BB  shows 
the  elevation  above  mean  sea  level  of  the  water 
surface  in  Big  Eddy  for  the  entire  range  of  flow 
of  the  river>  where  a  total  fluctuation  in  level 
of  about  seventy  feet  will  "be  observed.  This  ■ 
elevation  will  remain  essentially  unchanged  sub- 
sequent to  the  construction  of  a  power  plant. 

The  head  water  elevation,  aowever,  is  sub- 
ject to  control  by  means  of  a  dam.  In  the  same 
diagram,  the  curve  AA  shows  the  normal  elevation 
of  the  water  at  the  head  of  Five  Mile  Rapids, 
indicating  a  total  fluctuation  of  about  ninety 
feet. 

The  difference  in  elevation  at  tne  dam  site 
and  power  house  site,  represented  by  the  vertical 
distance  between  curves  AA  and  BB,  or  the  pre- 
sent natural  fall  at  all  stages  of  tne  river, 
is  shown  by  curve  CCC,  the  scale  being  at  the 
right  of  the  diagram. 

To  maintain  a  constant  operating  head  at 
the  power  station  would  require  an  artificial 
control  of  the  head  Vifater  elevation  by  means  of 


rage  8, 


a  dani  in  ouch  a  manner  as  to  make  the  head  water 
curve  parallel  witn  the  tail  water  curve  BB. 
However,  eince  thia  project  requires  a  canal 
about  one  and  a  half  miles  long,  it  would  be 
uneconomical  to  do  tnie.  Since  the  power  of 
the  stream  ia  proportional  to  the  product  of 
discharge  by  head,  it  is  best  to  utilize  a  great- 
er head  under  low  water  conditions,  and  thus  ob- 
tain a  greater  amount  of  power,  allowing  the  ad- 
ditional discharge  at  higher  river  stages  to 
compensate  for  the  reduced  head  by  the  addition- 
al machinery. 

It  is  a  well  established  fact  that  a  tur- 
bine operating  at  other  than  its  normal  speed 
or  speed  of  best  efficiency,  is  subject  to  ero- 
sion or  pitting  of  the  metal  of  the  turbine 
buckets  proper,  the  cause  of  which  action  is 
not  fully  explained.  In  selecting  a  maximum  head 
therefore,  for  this  station,  it  is  beet  to  de-, 
termine  what  minimiim  nead  can  be  realized,  and 
then  to  select  a  maximiim  or  low  water  head  dif- 
fering from  the  minimum  by  an  amount  such  hb   to 
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keep  tr^e  two  heade  within  the  practicable  limits 
of  operation  of  a  turbine. 

Minittiuci  Head, 
The  nead  in  hydro-electric  power  stations 
is  controlled  by  the  height  of  the  back  water. 
Running  parallel  to  the  river  are  two  railroads, 
one  on  eaca  side.  iSackwater  computations  have 
shown  that  by  sligntly  raising  the  grade  of  each, 
it  would  be  possible  to  bring  the  head  water 
elevation  to  151.00.  This  corresponds  to  a  dis- 
charge of  1000000  second  feet,  the  maximum  flood 
for  Which  the  plant  has  been  designed.  Under 
these  conditions,  the  net  pperating  head  which 
could  be  utilized  at  the  power  station  after 
deducting  for  a  lose  or  fall  in  the  water  sur- 
face of  the  canal,  would 'be  about  forty- two  feet. 

■Maximum  Head. 
With  this  assumed  minimum  head^  the  maximum 
practicable  range  of  satisfactory  operation 
would  limit  the  maximum  head  to  about  seventy 
feet  with  the  turbines  adjusted  to  operatre  at 
best  efficiency  at  about  sixty  feet  head.  The 
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The  miniimm  tail  water  elevation  at  ordixiRry 
river  stages  (  not  extreme  minimurri  )  is  about 
elevation  fifty,  which  with  seventy  feet  heaa  _ 
and  by  allowing  for  a  drop  in  tne  water  sur- 
face of  the  canal,  would  require  a  head  of  water 
elevation  of  about  one  hundred  and  twenty  five 
feet  under  low  water  operating  conditions.  The 
curve  E  ,E   ,E  ,E  ,  of  fig.  5  shows  the  net  oper~ 
ating  head  for  all  conditions  of  flow. 

As  stated  previously,  the  niaximuni  flood 
has  been  taken  as  1000000  second  feet  .  It  is 
true  that  a  higher  discharge  has  occured,  but 
reference  to  Curve  sheet  No. 3  will  show  that 
a  flood  of  1300000  second  feet  has  occured  only 
once  in  thirty- two  years.  It  ie  good  engineer- 
ing as  well  as  almost  universal  practice,  to 
ignore  extreme  and  remote  conditions  and  to  ex- 
cept an  interruption  of  service,  should  these 
conditions  ever  again  occur. 

Power, 

Low  Water  Conditions:  The  power  of  the  streai;.^ 
based  upon  the  previous  assumptions,  namely; 
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50000  second  feet  miniinvun  flow  and  seventy  feet 
maximum  simultaneous  operating  iiead,  would  be 
about  330000  horse  power,  delivered  to  the  gen- 
erators. Tiiis  is  based  upon  80  ^  turbine  effic- 
iency. The  power  which  could  be  delivered  to 
the  switchboard  after  allowing  for  generator 
losses  Would  be  approximately  300000  horse  power. 

High  Water  Conditions:  As  the  power  of  a 
hydraulic  turbine  decrease;:  rapidly  with  drop- 
ping nead,  it  is  necessary  at  high  v/ater,  in 
order  to  maintain  the  assumed  delivery  of  300000 
horse  pov/er,  that  additional  turbines  be  install- 
ed. Due  to  the  iraiTiense  size  of  this  proposed 
power  plant,  the  machinery  to  be  installed  would, 
in  order  to  reduce  the  tbtal  number  of  generating 
units  to  a  reasonable  figure,  need  to  be  very 
large.  As  the  basis  upon  which  to  estimate, 
the  cost  of  installs-tion,  a  generator  of  20000 
Kilowatt  normal  rating,   driven  by  a  turbine  of 
32000  horse  power  capacity  at  70  foot  head,  will 
be  chosen.  Eleven  of  these  units  would  be  re- 
quired to  deliver  300000  horse  power  at  70  foot 
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head  and  with  overload  capacity  of  the  turbines 
in  service,  at  43  nead,  twenty  sucii  units  would 
be  required.  This  corresponds  to  high  water  con- 
ditions. 

Power  House  * 

As  stated  before,  the  power  house  wi]3  be 
located  on  the  Washington  side  and  wil]  be  of 
solid  masonry  construction.  It  will  be  1300 
feet  long,  14-0  feet  wide,  and  200  feet  above' 
its  foundations.  All  the  high  tension  rooms  and 
transformers  will  be  isolated  by  means  of  steel 
doors.  Provision  will  also  be  made  so  that  in 
case  of  fire,  oil  can  be  discharged  into  the 
stream.  Tunnels  for  machinery  such  as  oil  com~ 
pressors  and  storage  will  be  built  in  the  sub- 
structure. Also  a  standard  track  will  be  run 
into  the  side  of  the  building  together  with  a 
turntable  for  use  in  installing  machines. 

Turbines . 

The  normal  head  on  the  turbines  is  60  feet. 
Under  this  condition,  as  stated  before,  330000 
horse  power  at  80  fj   efficiency  would  be  deliv- 
ered to  the  generators.  Since  the  Keokuk  wheels 
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are   the    largest,  wiiich  can  be   shipped,    it   is 

necessary  to  limit  the  turbines  to  this  size 

and  to  choose  such  a  capacity  as  to  compare 

favorably  with  the  specific  speed  of  the  Keokuk 

turbines.  Calculations  have  shown  that  a  30000 

horse  power  wheel  at  80  R.P.M.  used  in  this 

installation  will  be  similiar  to  those  of  Keokuk, 

the  only  changes  necessary  being  in  tne  rriechan- 

ical  details  owing  to  the  increased  stresses. 

Practice  has  shown  that  efficiency  of  88  per 

cent  under  normal  conditions,  are  not  uncormnoa 

and  the  computations  of  this  installation  will 

be  based  on  tnis  efficiency  under  60  foot  head. 

and  75  %   gate  opening.  Since  the  available  power 

is  expressed  by 

Q  X  H  X  eff . 
8.8 

we  can  determine  the  discharge  per  wheel  as 

Q_  30000  X  8  .8  _  5000  second  feet. 
■*"  60'  X  ,88 

The  efficiency  of  the  generator  at  full  load 

will  be  specified  at  96  ^;.,  and  with  30000  horse 
power  delivered  to  them  by  the  turbines,  a  net 
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electrical  output  per  generator  of 

(3)  30000  X  .746  x  .96=31500  K.7.A. 

will  be  obtained.  In  order  to  develop  the  entire 
energy  of  tue  stream,  eleven  wheels  will  be  in 
use  at  this  head. 

When  the  head  drops  to  42  feet,  then,  con- 
sidering the  same  gate  setting,  the  discharge 
through  the  turbines  will  equal 

(4)  ^.2 -  (43}   or   4200 

5000  "(60) 

However,  at  the  low  hea.d,  the  turbines  will  be 
overgated  and  an  increase  of  25  ^  in  the  dis- 
charge will  be  considered.  The  efficiency  will 
also  fall  off,  and  as  a  tentitive  bp.sis  for  cal- 
culation, will  be  assumed  to  equal  70  ^.  The 
horse  power  output  will  then  equal 

(5)  5000  X,  43  X  ,70=16700  H.?. 

8,8 

In  order  that  :^-X000  horse  power  may  still  be 
supplied,  twenty  turbines  wil]  then  be  neeessary 

At  the  70  foot  head,  the  discharge  for  a 
i;  gate  opening  will  equal 

(6)  _2 (70)     Q-5400 

5000  ^  TeoT 
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At  ttiis  liead  it  wil3  be  necessary  to  undergate 
the  turbines  and  a  discharge  of  5000  second 
feet  will  be  assumed.  Then  the  output  of  the 
turbine,  specifying  an  80  '/^  efficiency  will 
equal 

(7)      5QQ0  X  70  X  .80 -31800  H. P. 

8.8 

Eleven  turbines  will  be  required  to  fvirnish 
the  330000  horse  power. 

Generators . 

The  generators  are  of  the  revolving  field 
type.  Owing  to  the  improvments  of  60  cycle  ap- 
paratus it  has  been  decided  to  adopt  this  fre- 
quency. Tiie  revolving  parts  will  be  supported 
by  a  thrust  bearing  underneath  the  generator. 
Three  phase  currents  at  IICOO  volts  will  be 
generated. 

Excitation. 

The  required  excitation  will  be  about  4000 
K.W.  and  will  be  provided  b3'-  motor  generator 
sets.  The  motors  will  be  operated  by  a  vertical 
water  wheel-driven  alternator,  with  direct  con- 
nected exciters. In  order  to  provide  for  emmerg- 
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ency,  two  4000  K.W.  IICO  volt  alterratore  will 
be  installed.  Each  niain  generator  will  be.  sup- 
plied with  one  motor-generator  set.  Fourteen 
induction  and  six  synciironous  motors  will  be 
used  .•  Transformers  are  connected  to  tije  low 
tension  11000  volt  busses  and  step  down  to  S200 
thereby  enabling  motor-generator  sets  to  be  op- 
erated from  the  main  generator.  When  the  power 
factor  is  low,  the  synchronous  motor  can  be 
over-excited  and  operated  from  this  low  tension 
bus  for  line  regulation, A  storage  battery  is 
also  provided  for  extreme  emergencies.  Auto 
transformers  are  used  for  starting,  two  taps 
being  used.  KZ   oil  switches  will  be  used  for 
all  switching,  and  the  oil  switches  for  half 
and  full  taps  will  be  electrically  interlocked. 
Much  emphasis  has  been  laid  on  the  importance 
of  providing  for  emergencies  in  the  exciter 
layout,  for  a  short  delay  in  such  a  station  is 
of  extreme  importance . 

Transformers . 
The  transformers  will  be  of  10000  K.V.A. 
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capacity,  3  piiase,  and  will  raise  the  voltage 
fjom  11000  to  110000  volts.  It  will  be  so  ar- 
ranged that  any  machine  can  be  made  to  feed  any 
transfornier .  The  main  nigh  and  low  tension  bus- 
es are  sectionalized  with  the  switches  between 
them,  three  transfemiers  feeding  into  one  sect- 
ion of  high  tension  bus  .Tne  transformers  v;ill 
be  protected  on  the  high  tension  side  by  means 
of  overload  relays.  Potential  and  current  trans- 
formers will  be  placed  on  tne  low  tension  side 
of  the  system,  and  also  on  the  outgoing  lines. 

Canal , 
The  canal  for  this  project  will  be  about 
one  and  one-half  miles  long  and  will  be  dug  out 
cf  solid  rock.  No  coffer  dams  will  be  required 
at  ordinary  stages  and  a  large  amount  of  ex- 
cavated rock  can  be  wasted  along  the  sides  of 
the  canal  to  form  rock  filled  walls  along  the 
canal  in  order  to  retain  the  water  which  would 
stand  above  the  natural  rock  surface  and  to  pro- 
tect the  P.r..&  8  Railroad,  These  rock  filled 
walls  will  be  paved  on  the  water  side  with  con- 
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Crete  . 

At  the  low  stage,  tae  canal  flow  will  equal 
50C0  X  11=55000  second  feet, 
while  at  high  water  the  canal  will  carry 
50C0  X  20  =  100000  second  feet. 
Since  txie  canal  is  solid  roclc,  the  velocity 
of  the  water  thru  it  can  run  as  high  as  10  feet 
per  second.  Beginning  at  a  level  of  135.00,  tae 
canal  will  be  excavated  for  a  depth  of  twenty 
four  feet,  with  a  batter  of  three  incixsa  per  foot. 
The  width  of  tne  canal  at  the  bottom  will  equal 
tnree  hundred  feet.  The  low  water  will  probably 
not  drop  »uch  below  elevation  130.00  The  area 
of  the  canal  then  equals 

305  X  20  =  5100  square  feet. 
Tne  velocity  of  a  discharge  of  55000  second  feet 
equals 

55000  _9.0  feet  per  second. 
6100  " 

For  sucn  a  canal  tne  coefficient  of  roughness 

is  about  .025.  The  wetted  perimeter  equals 

300+41.22=341.32 

and  the  hydraulic  radius  equals 

6100   ^17.90 
341  .3n  " 
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Substituting  in  tae  Kutter  formula  using  a 
tliree  and  one  half  foot  drop  we  obtain  a  vel- 
ocity whicu  checks  vevy   closely  7;ith  the  above 
velocity  , 

When  the  water  rises  to  elevation  151,00, 
then  tae  velocity  will  equal 

lOOQQO   -7,70  feet  per  second, 
14137.25" 

The  slope  of  tae  fill  which  rises  to  elevation 
155.00  will  be  one  to  one.  In  this  case  the  wet- 
ted perircster  equals  410. S  and  the  hydra.ulic 
radius  34.4.  A  drop  of  1.25  feet  gives  a  vel- 
ocity of  7.83  feet  per  second  which  also  checica 
with  the  previous  calculation. 

In  order  that  tne  velocity  thru  the  racks 
be  as  smaJl  as  possible,  the  canal  will  be  ex- 
cavated to  a  depth  of  elevation  80.00  at  the 
e^ntrance  of  -the  power  nouse  and  the  width  will 
be  increased  as  much  as  practicable. 

Dam. 

The  rock  at  the  site  of  the  dam  is  compos- 
ed of  hard  basalt;usually  of  colixmnar  structure 
and  quite  oeamy ,  The  proposed  dam  is  of  the  rock 
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fill  type,  to  be  built  up  throughout  of  large 
blocks  of  rock  or  of  concrete,  weighing  twenty 
or  thirty  tons.  T-Towever  it  would  bs  impractic- 
able to  design  this  type  of  dam  for  overflow 
and  therefore  a  diversion  channel  is  to  be  con- 
structed large  enough  to  accomidate  the  entire 
flow  of  tne  river,  for  permanent  as  well  as 
conetruction  purposes,  tne  rock  filled  dani  pre- 
viously mentioned  being  built  well  above  the 
maximum  flood  level.  The  diversion  cnannel  has 
already  been  described,  but  at  the  head  is  pro- 
vided a  removable  type  of  dam,  tne  purpose  of 
which  is  to  regulate  tne  river  flow. 

This  removable  dam  is  similiar  to  those 
built  for  the  ei'iiergency  dams  on  the  Panama  Canal, 
except  for  the  substitution  of  a  permanent  bridge 
instead  of  two  draw  spans  as  on  the  Paneima ,  The 
dam  will  consist  of  large  concrete  piers  spaced 
one  hundred  feet  center  to  center  v/ith  the  con- 
crete arched  sills,  and  at  the  top  heavily  re- 
inforced concrebe  beams  or  horizontal  steel  gir- 
ders enclosed  in  concrete,  betv;een  the  piers. 


Page  21, 


Wicket  girders  of  ordinary  plate  girder  type 
arranged  in  pairs  will  be  ninged  by  pins  to  the 
Horizontal  beam  between  piers  and  rest  in  an 
inclined  position  in  tae  concrete  sill.  By  means 
of  cables  running  frois  tus  lower  end  of  the  gir- 
ders to  the   iioisting  macjiine,   each  pair  of  gir- 
ders is  made  to  revolve  on  its  hinges,  the  up- 
stream end  of  the  girders  being  raised  up  or 
let  down  as  desired.  After  the  wicket  girders 
are  lowered  into  place,  the  gates  are  allowed 
to  slide  down  on  the  girder  until  taey  reacn 
their  proper  position.  (  See  drawing.) 

The  bottom  of  the  concrete  sills  will  be 
at  elevation  106.00,  while  the  wicket  girders 
will  be  at  elevation  110.00.  The  rock  between 
the  removable  dam  and  the  river  bed  will  be  ex- 
cavated, giving  a  slope  of  about  83  feet  in 
1000.  Assuming  a  maximum  velocity  of  20  feet 
per  second  and  considerind  a  maximum  discharge 
of  1400000  second  feet,  then  the  required  area 
equals 

A  .1400000  _  1750  square  feet . 
41  X  20"  ~ 


Fage  22 , 


TxiiB  will  require  eigxit  -  100  foot  sections. 

As  stated  before,  the  horizontal  beam  will 
consist  of  a  steel  girder.  This  girder  will  con- 
sist of  a  -i>"  web,  with  2  -  6"  x  8"  angles  and 
4  -  1"  X  13"  cover  plates.  Ptiffener  angles 
4"  X  4"  X  1"  will  be  spaced  every  oix  feet. 

Tne  gate  will  comprise  a  heavy  steel  sheet- 
ing supported  by  I-beams  35'  -  0"  in  lengtn. 
The  spacing  of  these  I-bcams  will  vary  from  two 
feet  at  the  bottom  to  seven  feet  at  the  top. 
The  sheeting  will  consist  of  ■^-"  steel  and  will 
be  reinforced  by  strips  -g-"  x  6"  placed  diagonal- 
ly on  the  back. 

The  inclined  wicket  girders  will  consist 
of  two  web  plates,  with  four  angles  placed  at 
tne  corners  and  then  covered  with  cover  plates, 
generally  known  as  box  girders.  Calculations 
have  shown  that  v/eb  plates  five  feet  deep  and 
one  inch  thick  will  be  needed, considering  a  20" 
spacing  between  them.  Four  8"  x  '"  x  1"  angles 
and  eight  30"  x  1"  cover  plates  •vvill  also  be 
required. 
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Since  the   pressure  from  the  water  varies 
from  zero  to  a  maximum  the  depth  of  this  gir- 
der will  also  be  changed  from  five  feef  at  the 
bottom  to  two  feet  at  the  top. 

Transmission. 

The  transmission  lines  will  consist  of  first 
class  towers  constructed  on  the  private  right 
of  way.  Duplicate  three  phase  lines  and  one 
groung  wire  will  be  arranged.  Only  four  trans- 
mission lines  have  been  computed.  The  follow- 
ing table  shows  the  size  of  wire  and  power  de- 
livered. 

Town  K.W.       Wire  Size, 

Umatilla         30000      No.  0000  B  &  S 
Portland         200C0      Ko .  0000  B  &  S' 
Salem  5000      Eo .    S  B  &  S 

Eugene  5000      No.    4  B  &  S 

Market  for  Power 

One  cannot  expect  that  a  market  for  such 
a  tremendous  amount  of  power  already  exists. 
However,  manufaotui'ing  industries  already  re- 
cognize electrical  operation  of  factory  mach- 
inery as  the  accepted  method.  Coincident  with 
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tae  developiaent   of  the   art  of  generating  elec- 
.  trical   energy,    there   has  also  teen  a  reniark- 
able   readjustment   of  old  manufacturing  proceas- 
6  8  and  also  a  great  development  of  entirely  new 
industries  made  possible  only  by  the  principle 
of  the  electrolytic   bath  and  electric  arc.  Why 
not   center  some   of   these   industries  around   tnis 
nuge   development? 
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